INTRODUCTION

The paper describes total (technical and non-technical) losses modelling for distribution networks operated by EDF in Metropolitan France. The model is based on a trinomial formula given by a regression linking the power flow at the substations level with the load at low voltage (LV) and medium voltage (MV) levels. Due to its time depending behaviour, the model allows:
market operators to complete the settlement process -distribution network operators to compensate the losses by purchasing them using the market mechanisms.
The calculation is done in two stages: • Evaluation of the load diagram of the technical losses and non-technical for one year under review; • Establishment of a general law allowing a direct calculation of the load diagram of the losses starting from the load diagram of consumption. The calculation of the profile of the technical losses is made by stacking the curves calculated on the various voltage levels:
• Substations (EHV/MV and HV/MV);
• MV network;
• MV/LV transformers • LV network.
MODEL DESIGN: A LOSSES CURVE FOR THE REFERENCE YEAR
The method suggested proceeds in two stages: 1. we calculate over one year (the reference year) the load diagram of the technical losses and nontechnical losses for EDF-France Distribution networks (namely DEGS). 2. we seek a simple law binding over this reference year the real load diagram at the substations and the load diagram of the losses of the technical losses and non-technical losses. The law thus found can be applied for other years for which network topologies and the rates of consumption MV and LV are considered to be sufficiently close to the conditions observed during the year under review. However the relevance of such assumptions is not quantifiable today.
Technical losses
The first stage is to perform the technical losses curve for the reference year. To establish this profile, we proceed by successive stacking of the curves of losses obtained to the following levels:
• Substations (EHV/HV and HV/MV);
• LV connections • LV meters.
Substations
We consider a substation with the following given data:
• P(t) the load curve of the substation; With these data, we can calculate the profile of the losses in this substation.
The calculation of the iron losses for all the undervoltage transformers is given by:
And for the whole substation, the profile of the losses is then:
For the calculation of the profile of copper losses in the transformers, we need an assumption on the power, Pi (T) through the transformer (i). It is supposed that the transformers are loaded in proportion to their nominal apparent power. Thus, Pi (t) is given by:
Once the power is known, it is easy to calculate the profile of the copper losses: 
The total curve (at the national level) of the substations losses is obtained by summation of the profiles thus obtained for each substation.
MV networks
We assume the losses of a MV feeder are given by:
With: P(t) is the power of the feeder, Pmax is the peak power at the feeder level. Lmax represent the losses at Pmax.
It is also necessary to construct a sample representative of MV feeders upon which the calculations are made and extrapolated at the national level.
The key to extrapolate the losses obtained with the sample at the national level is:
With: E MV national energy injected in MV network.
E MV Sample the energy represented by the summation of the load curve of the feeder in the sample.
The measurement of the representativeness of the sample has been made by statistically comparing the dispersion of loss rate values corresponding to the peak power of all the feeders to those observed in our sample.
MV/LV transformers and LV networks
At first, it is necessary to calculate the load diagram representing consumption at the upstream level MV/LV transformers terminals . For that, it is necessary to have the consumption curve of the MV customers. The power injected at the upstream (primary) terminals of MV/LV transformers is then given by: 
+ =
With: E iron MV/LV energy iron losses in MV/LV transformers.
The load consumption curve at the secondary terminals of MV/LV transformers is:
The LV network losses are given by the same method earlier used for MV/LV substations, with the consumption curve P LV and a sample of LV feeders (these feeders are the downstream network of MV/LV transformers of the previous sample):
The measurement of the representativeness of the sample has been done by statistically comparing the distribution of LV feeders considering customer classes and voltage drops.
LV connections
To estimate the technical losses curve in LV connections, we have the total energy of losses calculated by a separate method. Then, we assume the losses in the connections have the same shape than the losses in LV lines and cables. Thus, the formula is: 
LV meters
The electromechanical meters have individual energy consumption necessary to their operation considered here as constant losses. The losses curve in LV meters is:
( )
With: E losses LV meters the energy volume of losses in LV meters calculated by a separate method. 
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Non-Technical losses
It is admitted that the non-technical losses is varying linearly with LV consumption:
The coefficient α corresponds to the volume of nontechnical losses for the reference year. This rate is deduced from the total energy volume of losses (E Losses ) resulting from the DEGS energy balance:
With: E technical losses and E LV consumptions represent respectively the energy corresponding to L Technical (t) and P LV consumptions (T).
Approximation of the curve of losses
After choosing a reference year to create the curve of the technical and non-technical losses, we can seek a simple law binding the consumption and the losses.
To find this law, we calculate the second order regression which binds the losses calculated for the reference year to the load curve at the substations located upstream the distribution network: 
+ =
To know the losses at any year (reference year or another year), we only need to know the load curve at the substations level to determine all the losses for the distribution network.
This model is used to buy distribution network losses and to profile losses for settlement purpose (customer profiling system) [1] . It is necessary to refresh the model parameters at certain periods mainly due to temperature dependence. Consequently, all data (including HV and LV samples) used to build the model are yearly monitored in order to measure possible deviation from the initial values of the reference year.
